Introduction. -Among molecular crystals, solid hydrogen is in several respects unique. Because of the smallness of the moment of inertia of the molecule and the weakness of the intermolecular forces, hydrogen molecules in the solid phase exhibit almost complete freedom of rotation even though the temperature is very low. Hydrogen molecules. exist in two different forms, ortho and para, with parallel and anti-parallel nuclear spins, respectively. The rotational energy states occupied by the two forms and also, of course, the optical transitions between these states, are different. " Mixed " crystals can therefore be studied, in which the energy states of the two components are different and the intermolecular (dispersion and overlap) forces are practically the same. It is generally accepted that the crystal structure is hexagonal close-packed, although a recent infrared study [1] indicates a change in the structure for ortho-rich samples at temperatures around 1.5 OK.
Solid hydrogen is thus an interesting subject for experimental and theoretical spectroscopic investigations. The infrared spectrum, which is induced by intermolecular forces, has been studied in great detail (cf., for example, reference [2] ). A high resolution study of the Raman spectrum was made by Bhatnagar, Allin and Welsh [3] , and some recent extensions [4, 5] of this work are reported here. The theory of the infrared absorption and the Raman scattering of light by solid parahydrogen has been developed by Van Kranendonk [6, 7] .
At temperatures lower than the fusion point (14.0 OK) all the molecules in solid hydrogen are effectively in the J = 0 (para) or J = 1 (ortho) states. The Raman spectrum is thus extremely simple. The pure rotational spectrum consists of two lines, SO(O), corresponding to the para transition, lYv = 0, J = 0 --&#x3E; J = 2, and SO(l), corres- The spectra described below were obtained with a high-speed grating spectrograph giving a reciprocal linear dispersion of 6 cmw per mm at 4 358 A and 3.6 cm-1 per mm at 4 865 A. Further experimental details, including a description of the specially designed cryostat, have been published [3] . Unless otherwise mentioned the experimental data refer to spectrograms obtained with the solid at N 2.1 OK. The specimens used were transparent solids but not single crystals.
In the following sections certain of the more interesting features of the Raman spectrum of solid hydrogen will be discussed. These will include the structure of the spectrum of pure parahydrogen, and the changes in structure and frequency which occur as the para-concentration is varied from 100 % to 25 % (normal hydrogen). Since when orthohydrogen is gradually added to the parahydrogen sample, the triplet structure of the So(0) transition becomes diffuse and finally disappears. Thus, for normal hydrogen the transition has a single maximum and a half-width of "-I 11 cn1-1. Since orthomolecules behave as impurities in the parahydrogen lattice, the symmetry of the parahydrogen lattice is increasingly destroyed ; the energies of the travelling J == 2 rotational excitons will be modified and the symmetry restrictions on transition from the ground state removed, so that the band of transitions becomes more diffuse. The total width of the so(0) line in normal hydrogen is about 20 cm-1, which is approximately the total width of the J == 2 exciton band in pure parahydrogen.
The ortho transition, S o( 1), has not been studied in such detail since pure orthohydrogen is difficult to prepare. In normal hydrogen the ,So(1) is broad and shows no structure.
The vibrational Raman effect. - The pure vibrational transitions, Q1(J), were observed for a large number of ortho-para ratios in the range from 100 % p-pl2 to normal hydrogen. Because [7] , and the shift in the solid has been related to the similar shift in the high pressure gas by May, Varghese, Stryland, and Welsh [9] . The latter authors have shown semi-empirically that Ai is of the form Ai = Ar + Ad, where Ar, the shift due to the repulsive overlap forces, is positive, and Ad, the shift due to the attractive dispersion forces, is negative. That the combined shift in the solid is negative, is of course a consequence of the fact that the intermolecular distance in the solid (3. 75 as) is in the region of predominance of the dispersion forces.
At first sight it might be expected that the isotropic shift should be the same for both ortho and para molecules since the intermolecular potential should be very nearly the same for the two types of molecule. The experimental data show however that Ai is more negative by 1.2 em-1 for orthohydrogen than for parahydrogen. In an attempt to elucidate this effect the dependence of the frequency shift on ortho-para ratio was studied for the solid at 13.5 OK, i.e., just below the melting point, and for the liquid at -17 OK. The results are compared with the data for the solid at 2.1 OK in figure 4a The increase of the overall isotropic 
